Introduction: In the past 10 years, a declining trend was seen in the annual parasite incidence (API) of malaria in the Car Nicobar Island. For the past few years, the API in the island has been below one. Car Nicobar Island is struggling with malaria cases reported to have been brought from other, malaria-endemic islands. Methods: The movements of people were monitored by door-to-door visits during early morning hours, and the frequency of their movements to different islands (malarious and non-malarious areas) were monitored.
Introduction
The movement of people in a variety of forms and on various scales plays a significant role in the equation of malaria and people in parasite vectors, who contribute to the transmission of malaria by exposing other people to the risk of infection and obscuring its control. Health sectors worldwide have always recognized the movement of people as a significant means of infectious pathogen transmission. 1 Peoples' movement has historically stood as a great challenge to the control and elimination of malaria. 2 The failure of global malaria eradication programs has been attributed mainly to human population movement (HPM) as well as drug resistance. 3, 4 The introduced/imported cases contribute a great threat of outburst initiation, epidemics, or increasing indigenous transmission levels in highly accessible areas. 5 Understanding the transmission route of malaria parasites, principally through the travel of infected persons, is vital for efficacious intervention strategies across the full range of transmission intensities. 6 Therefore, it is important to quantify the peoples' movement while choosing appropriate control strategies and developing a comprehensive elimination feasibility assessment. 7 Malaria is one of the most important vector-borne diseases in the Andaman and Nicobar archipelago, but for the past few decades, a decline in malaria incidence rate has been observed. A total of 23 anopheline species have been reported in these islands. 8 Of these, Anopheles sundaicus cytotype 'D' , which breeds in both fresh and brackish water, is the incriminated malaria vector. [9] [10] [11] This principal vector is primarily zoophagic (prefers to feed on animals), exophilic (prefers to rest outdoors), and exophagic (prefers to feed outdoors). 12, 13 The 2004 tsunami caused severe devastation in these islands, and the number of malaria cases increased due to the proliferation of malaria vector species by the formation of more breeding habitats.
14 Among the 3 districts of the Andaman and Nicobar Islands, the Nicobar district was highly affected by the tsunami. Laborers who came from mainland India for rehabilitation work were affected by malaria. Their movement to different islands for construction purposes increased the risk of malaria transmission. However, during the past few years, a drastic reduction in cases has been observed in the archipelago, and the API (annual parasite incidence) declined from 11.9 in 2011 to 0.87 in 2017.
Car Nicobar is one of the 3 tehsils of the Nicobar district. Malaria was widespread in the island subsequent to the tsunami disaster of 2004. However, a declining trend was observed in API for the years between 2011 and 2017, ranging from 4.4 to 0.20. 15 In the other 2 tehsils of the Nicobar district, endemicity is still high with an API greater than 5. Vector control intervention is being implemented on the Car Nicobar Island and has been found to be effective, in contrast with the other islands of the Nicobar district. The introduction of the larvivorous fish Gambusia affinis into the breeding habitats of the island is one reason for the declining trend of malaria. 16 Nonetheless, this island has struggled for the past few years with malaria likely brought from other, malaria endemic islands of the Nicobar district. One of the major risk factors for malaria infection is the lack of community awareness about malaria transmission and prevention. 17 Being on the verge of eliminating malaria, having an API less than one for the past few years, a quantifiable determination of peoples' movement is important to resolving how best to devise intervention strategies. 18 In view of these factors, the frequency of peoples' movement to other islands (malaria endemic and non-endemic) and vice versa was investigated.
Methods

Study Site
Car Nicobar (located at 9.16°N, 92.75°E) spans over 127 km 2 of mostly flat terrain, except for small hilly areas in the interior. The island has a human population of 17 800, as per the 2011 census, and is inhabited by the native aboriginal 'Nicobari' tribal community which belongs to the mongoloid race. The current study was undertaken in 2 villages, viz., Kakana and Kinmai, for a period of one year (May 2016 to April 2017). Total population ('n' = number of people) of the study area was 1400, and the majority of the villagers were farmers. Coconut plantation is the main source of income. The 2 villages were selected based on the malaria cases reported in the past few years. Weekly ship service and daily helicopter service, subject to weather conditions, are the only means of transportation for this island.
Study Design
The movement of people from the 2 selected villages to outstations was monitored longitudinally on a monthly basis from May 2016 to April 2017. Data of household members was tabulated in a registry, and those working/residing out of station for a sufficiently long period were excluded from the survey. The movement of people to outstations was monitored in monthly door-to-door visits in both villages during early morning hours by enquiring the presence and absence of household members. Those people who were not available in the household for the survey but were present on the island were marked as absent, and those available in the household were marked as present. People moved to and from different islands, and these movements did not involve a permanent change of residence. These movements included visits to relatives, attendance at ceremonies, treatment-seeking in hospitals, etc. and resulted in a return to the island. Along the temporal dimension, those persons found out of station during the sampling time were classified as "OS-O" for those out of station to non-malarious areas (like Port Blair) or "OS-N" for those out of station to malarious areas (mainly to the Nicobar group of islands). The total population of the study area was categorized into different age groups to depict which particular age group had the highest frequency of movements. The study population was kept constant and those individuals who were born or expired during the survey were excluded from the analysis. Guests who visited Car Nicobar Island from malaria-endemic areas (other Nicobar Islands) were also recorded during the study period.
Statistical Analysis
The data was entered in Microsoft Excel worksheet and analyzed using Epi Info, version 20.0. Descriptive statistics (frequencies, means, standard errors, and standard deviations) were used to tabulate and describe the data. The chi-square test was used to determine the level of significance of variables. A P value of <0.05 indicated statistical significance.
Results
The total population of the 2 studied villages (n = 1400) was categorized into different age groups: <5, 6-15, 16-30, 31-45, 46-60, and >60 (Table 1) . A non-significant difference was observed among different age groups of males and females in the 2 villages (χ 2 = 4.11; P = 0.533). The majority of the people were present on the island during the survey period, with a maximum number of 1385 (98.9%) during the month of December. Among the total population, 54.28% were male and 45.91% were female.
Monitoring Out-of-Station Individuals
In the OS-O category (out of station to non-endemic area), the movement of the highest number of people was observed in the month of June (6.07% ± SE 0.013), and gradually declined from July (4.57% ± SE 0.379) to December (1.07% ± SE 0.266), when fewer people were out of station (Figure 1) . A comparison of the movement of people from the 2 villages determined that more people were out of station (OS-O) from Kakana (20.21%) than from Kinmai (17.07%).
In the second category (OS-N: out of station to malaria endemic area), More people were OS-N (out of station to malaria endemic area) during the month of June (1.29% ± SE 0.673). This number gradually declined in July (1.0% ± SE 0.474), and in the month of December no record of people visiting endemic areas was reported (Figure 2 ). Comparing the 2 villages under study, more people visited malaria endemic areas from Kinmai (7.44%) during the whole year. In the OS-N category, the majority of people were found out of station for a period of one month. In Kakana and Kinmai, 0.97% and 1.04%, respectively, were reported OS-N for one month only. The chi-square test did not show any significant difference between the movement of people outstation to malarious areas (OS-N) and non-malarious areas (OS-O) among the different months (χ 2 = 13.66; df = 11; P = 0.251).
Analysis of Age Groups in OS-O and OS-N Categories
In both categories (OS-O and OS-N), the highest number of people were reported outstation in the month of June. The movement rates of people in the OS-O category ( Figure 3) were highest in the 16-30 years age group (n = 294) and lower in the age groups <5 years and >60 years throughout the year.
Most of the people who were reported outstation in the OS-N category (Figure 4) belonged to the age groups of 31-45 years (n = 41) and 16-30 years (n = 33). No individuals were reported outstation (OS-N) in the age group of <5 years, 6-15 years, or >60 years during the whole year. There was a statistically significant difference among the different age groups in the OS-O and OS-N categories (χ 2 = 13.98; P = 0.015).
A total of 139 guests visited the 2 villages during the whole year. More guests were found in the month of December (29 + SE 12.50) and a much lower number of guests were recorded in the month of May (2 ± SE 1.41). A total of 37 guests were recorded visiting this island from other Nicobar Islands (malaria endemic areas) during the whole year.
Discussion
Travel and transport contribute greatly to the dissemination of various pathogens around the globe. It is reasonable to believe that the temporal and spatial patterns of people's movements is a significant factor in the epidemiology of vector-borne diseases as well as the resurgence of malaria. 4 The villagers in the present study were reported to travel to both malaria endemic and non-endemic zones. The local transmission of malaria has not been reported in Car Nicobar for the past few years, as evident from the vector-infection parameters. However, malaria cases were found among the people who had recently visited malaria-endemic areas/islands (Nicobar). Malaria parasites brought by visitors and travelers carry the risk of recommencing local transmission of the disease in areas where anopheline vector mosquitoes persist. 19 The island of Car Nicobar has transport facilities to other islands (endemic and non-endemic) through a weekly ship service. During the present study, people's movement was observed to be more toward non-endemic zones than to malaria endemic areas. Due to people's movement from malaria endemic areas to non-immune zones, an understanding of the bionomics of the local malaria vector is essential. A. sundaicus, the incriminated malaria vector in the Andaman and Nicobar islands, has been found to be prevalent in Car Nicobar (personal communication). Humans travel much larger distances than mosquitoes; hence, human movement plays a significant role in parasite dissemination. 20 Car Nicobar is at the verge of eliminating malaria, but it is still struggling with cases reportedly being brought from other islands. Malaria elimination cannot be achieved until effective interruption strategies are in place. As reported in the few countries that are nearing elimination, a high proportion of cases are found among migrant and mobile populations living in hard-toreach areas, suggesting that cases imported by visitors and migrants must be identified and treated rapidly. 19 The majority of the villagers in the present study are cultivators and spend most of their time working in forest areas. Some of them even spend weeks in the forest by staying in temporary shelters and, after completing cultivation, return to their respective villages. The highest number of people were found to be present on the island in the month of December. As this month coincides with the Christian festival of Christmas, and being that Car Nicobar is a Christian community, the residents working outside the island visit their hometown to celebrate. Thus, this period can be regarded as the best time period for implementing IEC (information, education, and communication) campaigns and other awareness programs among the villagers. Over 130 guests were found to be visiting this island during one year, and the maximum number of guests was recorded in December. Among them, 37 were from the southern region of the Nicobar Islands where malaria is endemic. Because this vector is prevalent on this island, there is the risk of malaria transmission, as human movement has been reported to be the cause of the spread of drug-resistant malaria parasites in Southeast Asia. 21 Each untreated malaria infection brought by a resident or a visitor would be counted the same. Movements to high malaria risk areas not only lead to individual infection, but on return also contribute to local transmission due to the prevalence of the vector, as reported in studies from Columbia. 22, 23 A. sundaicus is the lone malaria vector in Car Nicobar. Being a strong flier, it has a flight range of 9.6 km. 24 The chances of local transmission are greater as the area of the island is a mere 126 km 2 . Adults (31-45 years) and youths (16-30 years) were outstation to malaria-endemic areas throughout the year. These villagers were reported to be traveling to malarious areas to visit friends and relatives and to attend marriages or other functions. These people stay with local family members and may possibly bump into sub-optimal housing situations; thus, the risk of malaria is increased. 25 Research Highlights movement patterns of people vary significantly in spatial and temporal scales, stimuli for travel, and socioeconomic and demographic characteristics of travelers. 27 Short-term movements toward endemic areas were seen more, as most people were seen outstation to Nicobar Islands for a period of one month. These short-term movements are expected to be more appropriate amid various transmission zones by assessing the number of imported infections. 18 Therefore, the implications of people's movement for malaria can be better understood when more specific spatio-temporal dimensions are given. 28 The declining trend in local transmission needs to be refocused on the malaria parasites being brought by visitors. Regular monitoring of malaria cases brought by villagers from endemic areas needs to be strengthened and treated appropriately in order to achieve the goal of malaria elimination.
Conclusion
Due to the multidimensional interaction between people's movement and malaria, a multi-sectorial approach for malaria control and elimination is necessary. Results of the present study can be extended to the other islands of Andaman and Nicobar in order to plan effective malaria control strategies. After the API was reduced to less than one in Car Nicobar, preventing a resurgence of infection is crucial. Parasite transmission routes can be checked by carrying out a sensitivity investigation on the number of exogenous infections transported by inhabitants and visitors. Understanding people's movement patterns to and from high transmission regions is important for designing strategic evidence-based control plans. In Car Nicobar, the main transport facilities within the inter-islands are ship and helicopter services. Hence, post-arrival medical examinations should be made mandatory to prevent the introduction of the parasite onto the island. This can be achieved with close monitoring by the local tribal council and village heads and the Andaman and Nicobar administration, and it will facilitate the achievement of malaria elimination at a faster pace.
